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ABSTRACT : PROBLEM TO BE SOLVED: To provide a steel product having superior toughness in a 
HAZ (heat- affected zone). 

SOLUTION: The steel product superior in toughness of a weld heat-affected zone 
comprises, by mass%, 0.03-0.18% C, 0.50% or less Si, 0.40-2.0% Mn, 0.02% or less P, 
0.02% or less S, 0.6-4.0% Ni, 0.005-0.10% Nb, 0.005-0.070% Al, 0.005-0.030% Ti, 
0.0005-0.0050% Ca, 0.0005-0.0070% N, 0.0005-0.0030% B, the balance Fe with 
unavoidable impurities, ENI which satisfies ENI>0 in a chemical equivalent expression of 
ENI=(%Ni)-18(%C)-36(%Nb)+1 , and EN which satisfies -0.004<EN<-0.0005 in the 
chemical equivalent expression of EN =(%N)-0.292(%Ti)-1 .292(%B); and further particles 
in the number of 100-3,000 pieces/mm 2 , which have circle-equivalent particle 
sizes of 0.005-2.0 jim, and such compositions as to contain at least Ca, Al, and O, and as 
to comprise 3% or more Ca, 1% or more Al, on average mass% of elements except O, 
and the balance the other deoxidized elements and/or unavoidable impurities. 
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(54) t^©^] ^ftfis»ifgi5?wi4icenfcsi*r 



(w) imm 

imm^m WMXX\ C:0.03— 0. 18%, Si : SO. 50%, 
Mn:0.40— 2.0%. P:S0.02%. S:S0.02%» Ni:0.6— 4.0 
%, Nb: 0.005— 0.10%, Al :0.005— 0.070%, Ti:0.005— 0. 
030%, Ca:0. 0005—0.0050%, N: 0.0005— 0.0070%, B:0.0 
005-0.0030%, Sr-i-WU SSHiFetJ i tfTWFttSfc 
0 , ENI = (%Ni )-18(%C) -36(%Nb) +1& & SfcUCfc 
OTENISOSrMat, *>0, EN=(%N)-0.292(%Ti)-1.292 
(%B) & & ij'Ss^CiH vt-O. 004 SENS-0. 0005 SrSiJg. 
U §£>K, Rffl^^A { 0.005-2.0^m-Cfc-5-C, 
iHj&i: LT^< tiCa, Al, OSr-t-^, 0£|&Vtfr7CS 
tfJ^MttT'. Ca:3%l2Lh, Al :l%feLt£-£1rL. 
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( 2) 0 0 3 - 3 1 3 6 2 S ( P 2 0 0 3 — 3 1 3 6 2 S A ) 



nmmu n&%x\ 

C : 0. 0 3-0. 1 8% 

Si :S0. 5 0% 

Mn : 0. 40-2. 0% 

P : g 0 . 0 2 % 

S : ^0. 02% 

N i : 0. 6—4 . 0% 

Nb : 0. 0 0 5 — 0. 1 0% 

A 1 : 0. 0 0 5 — 0. 0 7 0% 

T i : 0. 0 0 5-0. 0 3 0% 

C a : 0 . 0 0 0 5 — 0. 0050% 

N : 0. 0 00 5 — 0. 0 0 70% 

B : 0 . 0 0 0 5 — 0 . 0 0 3 0% 

£-£*r l , m»t f e a x iPmmwmfr o . 

E N I = (%N i ) -IS ( %C ) - 3 6 (%N b ) + 
1 

Z&^MsMZ&^Z EN I SO £ffl£.U fr~0, 
E N = ( %N ) - 0 . 2 9 2 ( %T i ) - 1 . 2 9 2 
(%B) 

^•^^'ft^Cij^T -0. 004gENg-0. 00 

o 5 srjsji l » $ pmmtt&tfo . 005—. 

2 . 0 //. m X'$> -y X , ffi^t I < 1 1 C a , A 

Ca : 3%£JLh 
A 1 : 1 XtLb 

UWpt>%&m=F£. %LTWL 1 0 0 — 300 O il/ mm 

ma. 

[fi*JS2] nm.%x\ 

C : 0. 0 3— 0. 1 8% 

Si : SO. 5 0 % 

Mn: 0. 4 0 — 2. 0% 

P : ^0. 02% 

S : SO. 02% 

N i : 0. 6—4 . 0% 

Nb : 0. 005 — 0. 10% 

A i : 0. 0 0 5 — 0. 07 0% 

Ti : 0. 005—0. 030% 

Ca:0. 0 00 5—0. 0 0 50% 

N : 0. 0 0 0 5 — 0. 0 0 7 0% 

B : 0. 0 00 5 — 0. 0 0 30% 



Cu 


g 1 . 


0% 


V 


go. 


1% 


C r 


go. 


6% 


Mo 


go. 


6% 


Mg 


go. 


00 5 0% 



REM : gO . 10 0% 



EN I = ( %N i ) — 1 8 ( %C ) - 3 6 ( %N b ) + 
1 

fr&££3C£&tiT EN I SO ^ftt&L.tPO. 
EN= (%N ) -0. 2 9 2 (%T i ) - 1 . 2 9 2 
(%B) 

&-&M3a5e£*5Vvc -0. 0 0 4gENg-0 . 0 0 

0 5 SriH Ig. t , ^;>C. Rffl Sfi^S** 0 . 0 0 5- 
2 . 0 At rn Tfo -> X , iffiJjSci: L <HCa s A 
1, O^^. 0&|ffebi£7cXe>¥grJtJt?£'C« 

Ca : 3%l?JLh 
A 1 : 1 %VJ± 

tHfcft* S^mi 0 0 — 300 0 IE/mm 

1 if 3 ] tfijj<3i i & ten 2 £§m<?>mmwmm 
m&crMtitzMmz&^x , raei&^wo. i— 

2 . 0 At mtljot , fflfiJct Lt^< & C a . A 

i . o o£m^7€m<vwmm.%x\ 

C a . : 3 %1U 1'. 
A 1 : 1 %y. J . 

m/bfcb&htirpf:* »SU 0 0-3 0 0 OH/mm 
MM. 

[0 00 1] 

( uath Azt W-'T ) vmmzmxtzmmffiimMmz 
m-?hi><?)X'hz>, 

[0002] 

mztt-rz>mmimLZ£mLx^2>. zhizzox? 

ft. xi/^ haxyymmm^tizim^ixhXo^ 
xmmmm<rmmtmm^ixxio o . «a«a^«H±t 

lajtftic. HAZ<0«H*'^g:Rkl8L££if LTV*S. 
[0003] *A»M^S«H AZSJttt^B L 
fc*BK^**»&S»< *4. ^J^*?. #^^5 5-2 
6 1 6 4-9^WPfcBB*S*l* «t 0 ^Uffl^rT i g-ft 

®zm4'izm&t&z\biz£->x . HAzo^-xft 

[0 0 04] ^f3-2 6 4 6 1 4-t&fBT- 

<i. T iltttMn Sfc^1S-^efai^*7x^^ hco 
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i IX l > & ... 3 h . ft ffl¥ 4-1 4324 6 
XU. T i miVtotB N t^)^^*ftB1%^m#7 i7-f 
hWWffiSfc LTiSfflL . H AZltfM|B]lStl.M 

[0 0 05] L*»L*A<fc, TiiWi. HAZ<oa 
*>Sit?i]ji£)g7'/ 1 4 0 0 C *: SI ; t h if tt&Kb Ott-^r 

< mm#> mt ) ftrnx-imt ^ l t l 

4 :j Of. Bttfii±SI**«ttT IT L -4 d >: v> o MM// 

[0006] .ic7)jffg^> vrnmemnzimtZ'-tj 
mufrmxu. ftmme 1-7974 s^m^vtmea 

6 2-1 0334 4^&miZWm$ixX ^4 <fc 5 (C, T 
[0 0 07] ^OJlUti, IH<7)iliftfcv^Ti>^^T 

i g ft^i . m n s m^mta l . § & t . <£-*l&&-«m i- 

fcLTKifi7x7>f hjWfaSU ^fSJU. MtttWW 

"C' # h t ^ 5 i CO Xfo h , 
[0008] L ff L . <r>£ 5iTi 

t i R^bftoafc-rt^sefc^ft^-c * o . t 

i itf»>l®S~** JfltD 5 t -tixii . 5 fx m£Lh*) 
8tfc£T i BHkMi, U;b»9>£-;frMWi1iflpCT L4 '3 . 
[0009] .:«5/< mtJLbco/rtSMi . fll3tl)OKig 

[0010] COJ; oZcT i EfKbA^M^^ 

wt>^ mzmmwzT i$:BM-fhi-znx'i±, 

T i Bf-ftfljcoiflBR, 4J-tta[S:f|?JiJp-rs>I fctiBffiTC* 
0, S^fcti. TiN. MnS«^fffi«|^>|0K. 

[ooii] *o*ssi, t i mmo^zx-^xT \ m\t 

. BfcwWLmjjmztoftZm&O 

[0012] £ £>(C, ±te^fflBS6 l-79745-t& 
fg^fc'^ifeT'ti. TiRffctt££i£L^ 
fc N A 1 *<7)±pji£. 0. 007%tU')^t^ 
at-^lliRLTv^-S.^. §Btf4><0A lftP^Kfri^te. A 

1 N5fHit)S<7)^ii^i:*- J MISi^o-C. ©H^IBtt// 



[ 0 0 13] ZOJ: o £M(-*f LX . - 2 9 

3 9 3 7-*&«fc:i3kvttt. T i ^JDIl^A 1 $r^p 
LT. Z<r>mnX'±f&-tZ>T i - A 1 ^K^Sr^ffl 

t#H Azw±^Aifa(.cit]±$-ii:a i fc#*nr&g-e&&#. 
a:is . Afi^ff . mmmza ^x a . 2 0 0 k j / c 

rnyjLs A# V^OTii 1 0 0 0k J/c rn t<?D$ <bf 

[0014] s ^>(c. ttfflSitftatHfciJv^T t . $ h 

ffC*iV >T t , Jte*H(«*ffl-(bW»ttfci: «. (c. J: OIK 

[0015] -jRt. fflWOSSSftii. aSflD7C*£itJ 
(S$iL§ if . fffltt*:^ L < P1W $ n •& fe*> . Ceq* 

tiN b t «t ftSjueidLh-cft* . 

[00 16] L^t, Nb«ii. H'AZli+c7)6 

HX I t o <nx\ ±&<?ffi$:mitzlfX'lZ+-ft%HAZ 

[00 17] ZZX\ ffiC e q-fliT-JP^ft. TSSfeK-ft-T 
£ fctf>JC N b Sr^jD-T &m^t,Z&^X i> . IHAZStt 

[00 IS] 

[^BJ»^Li 3 t-t&SWffl] #fflBS6 2-1 033 

4 4#&#. WfrW6 -2 9 3 9 3 7-^»5S:^fcStt 
§ ilT l > & ±Mi(OVm^mzit^X , ?RSWtc HAZ# 

^-xrt^f h^ffi^fL^-swjL. ©ess 

fcCOtztblZ N b ^>^!IP Lfc«^-T* o T t . ffiiTJt H A 
[00 19] 

[SHH*»ft-r4^««0*g] *^aj^{i. JJEPHS: 
fil^-r?»fc^>- «ffl39FSSLfetS*. IMENI = (% 
N i ) - 1 S (%C) - 3 6 (%Nb ) + 1 . feiZ/. 
EN=(%N)-0. 292 (%Ti ) -1. 292 

(%B) E N I fciUENI:, ^il-Til. Elf 
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4: . jSfl^^W7)iBtt«<lf L< (»)±^ - k £*D 
JIL*:. 

, a UtJ2lT*) k ts 9 T» S . 

[0021] (i ) m&%x\ 

C : 0. 0 3-0. 1 8% 

Si : SO. 50% 

Mn: 0. 4 0 — 2 . 0% 

P : SO. 0 2% 

S : g(). 0 2% 

N i : 0. 6—4 . 0% 

N b : 0 . 0 0 5 — 0. 1 0 % 

A 1 : 0. 0 0 5-0 . 0 7 0% 

Ti : 0. 0 0 5— 0. 0 3 0% 

C a : 0 . 0 0 0 5 — 0. 00 50% 

N : 0. 0 0 0 5- 0. 0 0 7 0% 

B : 0. 0 0 0 5 — 0 .003 0% 

EN I = (%N i ) - 1 S (%C) -3 6 (%Nb ) + 
1 

EN = (%N ) — 0 . 2 9 2 ( %T i ) - 1 . 2 9 2 
(%B) 

%Z>^&&lZi5\<iX -0. 004SENS-0. 00 
0 5 SriUji L , S 4> tc, nwsft^e** O • 0 0 5- 
2 . 0 m T& -> X . k L-T iKr < fc t C a . A 

Ca : 3%lXt 
A l : l%J.yji 

«!ft*»4>**e^, tSffi& 1 0 0-300 Oi/rara 

2 nrwir 1. z t sr #® fc -t & mm^Hm&vmtiti 

[0022] ( 2 ) MM%X\ 
C : 0. 0 3 — 0. 1 S% 
Si :S0. 5 0 % 
Mn : 0. 4 0 — 2. 0% 
P : S 0 . 0 2 % 
S : SO. 0 2% 
N i : 0. 6—4 . 0% 
Nb:0. 005 — 0. 10% 
A 1 . 0. 0 0 5—0. 0 7 0% 
Ti : 0. 005—0. 030% 
Ca : 0. 000 5— 0. 0 0 50% 
N : 0. 0005—0. 0070% 
B : 0. 000 5 — 0. 0030% 

Cu : SI . 0% 
V : S 0 . 1 % 



C r : S 0 . 6 % 
Mo : SO. 6 % 
Mg:SO. 0 0 5 0 % 
REM : SO. 10 0% 

EN I = ( %N i ) - 1 S (%C ) - 3 6 ( %N b ) + 
1 

$r*£**fc*jvvt EN I SO fciftfiL. 
E N = ( % N ) — 0 . 2 9 2 ( %T i ) - 1 . 2 9 2 
(%B) 

^r-SSa^^tSV-vT -0. 004SENS-0. 00 
0 5 £«£U S^fc, RfflStam&tfO. 0 0 5- 
2. Ojumtlnt. ffl*fc'fC^Sr<ttCa, A 

Ca : 3%J2Lh 
A 1 : 1 %U± 

L . iS^*ffe<?>BjiiS7c*±5 i If/* fcli^nT«3F 
WW'64*ttfS, &?JKl 0 0 — 3 0 0 Oi/mra 

2 c k ^mk^^^it^wgpffltt^ffi^ 

[0023] ( 3 ) Mia ( 1 ) £ fcli ( 2 ) fcEtt^ig 
0 . 1 — 2 . 0 ju mtfe ->T . fflfigk LT^& < k i> C 

a. Al. 0£-£*. O &m ^7tmeo^mmst%x\ 

Ca : 3%U± 
A 1 : 1 %0± 

Wfll6 a fe&&&?& . firBS 1 0 0-3000 I/mm 

sift. 

[0024 ] 

*%BH*4>iiHAzwes:m±$-e-s^jnifflagi 

Hk LT , 14 0 0^.±{CMS$^^ H A Zf(«9f? 
[0025] SM^-^-r-^-f MftSrMta^-rifcA 

a*#irc& £ . -e<o#^k lt* i»£:f> &k lt , 

3*^fflt-*-**tttt^5— ot; LT. «£*{±. Til 
{mtftmX'h h k#l £>itT V *jfc . 
[002 6] L*>L&ft*6. T i S-flSfMi, 1 4 0 O'C 

ixt<7)mi&x-im®~tz>m-&tf±z < mmx 
wvztavx'hh. l^'-jt. Tig-fi^cfcOftia 

T-^^ig-ftiJlj^b^-^^i^k LTigflH-&Ck# 
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mm*. ft$tm-c»immtf±z>^\zz. it. -hi 

W&P&tfk # ^ J2 t'jz & \> > , fcrtf L . MJtfi^fcf-S 
*t4*l+t*4*t*e^ S:«j«-r &7C«tf>iM£t J: ~> T 

[ o o 2 s ] z<v j; -3 ^iisa^ *femimKfo*> 

[ 0 o 3 o ] *?8W#^>I±, RSSrJbtiRfcfy 

[0031] SMif>ft3fc 

OM&?J arftoc a fcMJfl-f h Z b ifimWb<?Mmz%. 
fit, Bft^Tc^t LT±&Ca££>Uf|£ffc£ 

T . Car3 XfiLh. A 1 £ 1 96J2Lb*£-£* ZbX\ 

mmmmttm. mitmm^±^<i-hz 

b tfmtt %2>Zb Lfc . 
[00 3 2] «l+(c*±ii4tt^«HB 
fiJtar, Wr<HCa, A 1 „ OSr^ N O&fttv&E 
C a : A 1 : 1 %VJ±t L 

[0033] £«|R, JH^RfHtMj&cSfc LT , JK 

^^nawtSA-rft Si. Mn, T i t£b<?)A 1 J; 
O^JMSEtcS?. *>J:t>'/43t{i. C a.%b'b^«im*> 

(QfflMzMP&y&^z b zmmttz. 
[0034] try-^^fc^^?^^^^ § t 

[0035] $ £«*^fc£-fr*:ti$StM-£ffl 

fcfflttLfcte*. ey-^y^tcte, fi^<7)*#*£: t 
0. 0 0 5—2. O/tm^l^tjatf^^hJ 



$ *> i <7:>// . fJCWS&Tib & Z t r Jna-t 4 !c 

[ 0 0 3 6 ] 1 J: 0 . id^^m.^i: 0 . 0 0 5 
-2. Ojum. Z<WPX'i>. mz^ 0. 1-2. 0/tm 

[0037] ^C. HAZmtlZi&m&V^-ymtf- 

v ^ j ir h a z mmmirtz , 
[oo3s] mttizms^it^HAzmmt. *<nm 
m, mmzii&m®i;m%b'iz£ ^xmmzm%&-jbK 

*J^T . *ASS8aafcX'r4*&fc:5l3E$il* H Azm 

/mm 2 J^_b0^-C^ ZmSl Ltz. 
[0039]-^, SW3 0 0 Oil/ mm 2 £mt 

mmzii^mxfo h # , imm * ma bit z> ws&mm 

[0040] Lfc*f->t. W^^O^^S^ffl^ar . 
10 0 — 3 00 0H/min2 tfc. 

[004 1 ] ±iais«&^±^$fcii/'(il^)aiM 

mitiisyotzftML. ^ixzwT&mmizx 1000 
o^-c-2 onmi:i±. wmwmz lx 10 o o>«m2 j.^ 

±Sr«»E-r * i i: X\ WHfflt&f-VXki* J;tX«cS- 

[0042] SHt^ta^fi. aaHSrffiSN-siK(=*fe«-r 
&. c ix£—<mntm b wt2> « $^>{2{i. mm. mm 

*lz. mm^m^MTb b i>lzT i - A l - C algfLll 
V\ 

[ 0 0 4 3 3 3:13. ift^KfitSra-t^kLT, il 
* . *JfPJE5i. $ ^^^ixh$ij»^ai • Mi>b' 

[00443 >! ^J<t ^ LT^+fCfg-f^fS^ 1 ^ 

^■iirr^i^tiO. HAZcoSiP^-xf^-f 

*~xt~tj vwmmcth izm ^9mm s m l . 
mmz$>v>xtt. mz. mx-EM) 
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[0045] ttir^ttiwf, o =srtMwsj:tm* 

f ft - fcATSftff, H A ZffiftiftttlflgMlfcML 

[ 0 0 4 6] C^J: o 2rta#is X im#EM&.iz£&t 
4 I- <o|B]H*i . * ASftWSP) H A 
ZfflaSrK-fbtte^t «fc ft f> ^ > -7'lz X 0 , 

< msutt ft z k -cwc am $ jut t ot* 4 . 

[0047] H AZSU«tf>««HkC J: hm 

[ 0 0 4 s ] § , BcrM$tffim<7>mffi*:mmizm& 
fc*£ ttmg § inwmmxmtf ix^&zt & b <o 

i&fln$!^£«#>. H&H AZ«0?J)14Sr^:flgtz|6]±$ii:, 

£.7E it *-$hZb WW £> b ttr> tz , 
[0049] Ti muMVli. TitN (OmfflljtfWb 
XjzZ irtfab,. T i {c«t oTffiK&n* N Sr#j# Lfclt 
*. H2(CSfrt<, HAZHttli. EN= (%N) 
- 0 . 2 9 2 (%T i ) - 1 . 2 9 2 ( %B ) Srft 1J; 
5STJ: <Sffl"CS s 3 JMI*« r - o . 0 0 4 0 . 0 

o o 5 j ffMmizfoixig, ^c?ymmmfmi>±t> < . 

[0050] C WSH* 5 - 0 . 004 5fc#f<7.)*§-£-ti . 
B k RB«£T i fc Hi§#ygk =5r 0 . Aixtt^ L * * 
Jtt&JKOT. HAZ«Htli*fl;f ft. ft*. -0. 000 

5 HigBj&sSBfcTS^ 7xM KJ 

[005 1] ±lZ3=mz£ 0 . ftfc. Si-M niSKfc 
UT. *®&HAZ»H40&##^flft^\ <I.IT\ 

* bizgm&mmifc-tbm^ is^ft-x-a+^n 
a z $smm hti% Kt^$ mtz%pw&&. t *: . 

[00 52] «WS:«5iKfl:-r&*^. ±ixL 

c e ctiz&m£Rii'z%:\,<tm7cmx'h 

ftN b £SHtoL$rrmHr$:6$rV\6*. N b«>i6tH&£tt 
[00 5 3] *fKB#Ji. Sfc(C, Nbj&&D£| 

HAZSH4<7)«T<OMHtCO^Ti¥iap3£LfeMm, H 
AZBtt^lST^. HAZai^M7i7-fhi ? N 
b cogsiD* J: o T a ft L . MimmcomMz 

6 0 n < 4 ft fcftici t ft C k a: Ltz . 
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[0055] Ci'Ui. f/C^iiS^lT v»ft N i 
v I- y twimitb imtc 9 . WMt7 x 5 hwl®!?. 

"*-*SH3tSr*»HAZ|SWt^l*l±S-e-*tOT*0. * 
*Di*a*N b ?SJp»(c Ni*o. 6 %VJ.±:mim Vtz z b 
izj: 9 .. WC^tti L^t^-CS) ft . 
[00 56] §<MC. 1^7x7^ b«g§|.lNbc?)i 

mrnzm tftttotf-ft i t *»t . n i ^jd* & n b 
t£^&iKiwSfiit) ^w-r ft -r k «-e§^v»c t 

[0057] -c I T . . N bigflnas 6 tc*f 

L 1 J5Lh« N i ^ifjp $ ith Zb X-fo 9 , -cixWTTIi 
S#7x7 -f h //®*e*t^r 9. HA z tHfcwrr*- 

4. 

[ 0 0 5 S ] $ $> Kfr7x7-fh ^'Mtt^j&.^C 

9 < < 3rft k . i^fc. fldftffl//««^iH *(c^r 9 *f> 

■r < * 9 . ha zfjge//ca^)f mz&if^ < tzh 
i 9 . z om\mmtmmnt i h a z ©Hx(&t^w«i 

-Tftdk^MaJUc. 
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